INTRODUCTION
The Pangandaran Nature Reserve (PNR) includes one of the remaining lowland forests in Indonesia , s West Java province (Fig. 1) . This 530-ha peninsula is connected to the mainland of Java by a narrow isthmus and offers a suitable location to conserve many rare flora and fauna such as Rafflesia patma, the long-tailed macaque (Macaca fascicularis), the silver leaf monkey (Trachypithecus auratus sondaicus), several species of deer and banteng (Bos javanicus). This rich biota attracts many visitors.
Most areas of the reserve are covered by forest, including a Barringtonia asiatica formation in coastal areas and secondary forest dominated by Rhodamnia cinerea, Vitex pinnata, Dillenia excelsa, and Cratoxylum formosum in inland areas. The tree height averages 25 m, and the tallest tree (Dialium indum) reached 46 m (Sumardja and Kartawinata 1977, Kool 1993) . In addition, PNR included five ar tificial grazing sites that covered about 57 ha because the nature reserve started as a game reserve for ungulates in 1921. The sites were initially grassland that was dominated mainly by Imperata cylindrica (Sumardja and Kartawinata 1977) . They have been under different management regimes since 1921 (no weed control for 30
to 55 years, and weed control at different intervals) in an effort to maintain the initial grassland condition.
Many studies have described successional processes in grasslands and abandoned land after shifting cultivation or forest fires in several areas of Southeast Asia, and particularly Indonesia, which has the largest total area of grasslands managed for grazing over several decades, except for a study of the vegetation composition and carrying capacity for buffalo (Bubalus bubalis) and goats (Capra hircus) in the Taman Jaya grassland of Ujung Kulon National Park (Simbolon et al. 1986 ). The successional processes that occur under grazing pressure and under human ef for ts to maintain grasslands for several decades might differ from those that occur after shifting cultivation because the nature of the disturbance is very different. Thus, our purpose in the present study was to clarify the secondar y succession that occurs at grazing sites by comparing sites under dif ferent m a n a g e m e n t r e g i m e s . T h e s e d a t a w i l l p r o v i d e information that will improve our understanding of early succession in lowland vegetation ecosystems in West Java, and thereby improve the ability to manage nature reserve in this region.
Since PNR was declared a nature reser ve, little scientific information has been obtained that is related to grassland and lowland forest vegetation. Only Sumardja and Kartawinata (1977) described the characteristics of grassland vegetation as a habitat for banteng. Some authors have also studied the foraging behavior of the silver leaf monkey in PNR in relation to vegetation resources (Kool 1993 ) and after the July 2006 tsunami (Mori et al. 2007 ). Kurniawan and Parikesit (2008) and Mitani et al. (2009) In 20 ha of the public-use zone, teak (Tectona grandis) was planted in 1932 and 1936, and teak, mahogany (Swietenia macrophylla), and acacia (Acacia auriculiformis) were planted in 1957 (Kool 1993) . Grasslands in PNR have subsequently been invaded by teak from these plantations but not by the other two (Nakazono 2012) .
Early of 1970s, Sumardja and Kartawinata (1977) located the three of the five grazing sites from aerial photos (Fig. 1) Sumardja and Kartawinata (1977) . We designated two vegetation layers:
trees (H > 130 cm) and herbs (H ≤ 130 cm). In the tree layer, we measured the height and diameter at breast height (DBH) of all stems of woody species in the plot. In the herb layer, we measured the coverage (% of plot area) by herbs and woody vegetation shorter than 130 cm in 40 subplots (each 1 1 m) per plot.
Data analysis
We calculated the impor tance value (IV, Krebs 1989) from sum of the relative dominance and relative frequency for herb layer, and from sum of the relative dominance and relative density for tree layer. The relative dominance in the tree layer was defined as cross-sectional area of the tree at a point 130 cm divided by total basal area, and it in the herb layer was defined as the percentage of vegetation coverage divided by total coverage. The relative density of tree layer was defined as the number of stems of a species divided by the total stems. The relative frequency of herbs was defined number of subplots where a given species appeared divided by the total number of subplots.
The IV values for the herb and tree layers were analyzed using the R software (version 2.10.1; http:// www.r-project.org/) using the detrended correspondence analysis (DCA) method of Hill and Gauch (1980) . The DCA as an eigenvector or dination technique by correspondence analysis ordinates species and sampling site simultaneously (Hill and Gauch 1980) , thus it can define the community similarity along a gradient based on the duration of abandonment (Borcard et al. 2011 , Dytham 2011 . We also calculated two tree biodiversity indices: the Shannon-Wiener index (H , , Krebs 1989) and
Fisher , s alpha ( , Fisher et al. 1943) . The components combined in Shannon-Wiener index are number of species (s) and proportion of total sample belonging to ith species (pi) (Krebs 1989) .
The number of species (S) and the number of individual (N) are required to calculate Fisher , s index as defined by the following formula (Fisher 1943) :
RESULTS
With few activities to maintain grasslands and a decreased ungulate population, most of the grassland area has changed into young forest. Most of the former grasslands have therefore evolved into community types that differ from those that were identified in the 1970s (Sumardja and Kartawinata 1977) . Cikamal, which has experienced the most intensive management, retained the largest open area, at 3 ha ( Fig. 2a) . The open area of the Nanggorak grassland, which was managed infrequently, decreased to about 1 ha due to heavy invasion by teak and by pioneer woody species. Badeto, which had been abandoned for 30 years, has developed into young secondar y forest, whereas Batu Meja, which has been abandoned for ca. 55 years, has become secondary forest ( Fig. 2b) . Syzygium lineatum (Myrtaceae) has the biggest basal area and high frequency at Batu Meja, reached about 50 cm in DBH; it therefore plays a role as the dominant woody species. Only a few patches of grass were found in the central part in 1970 (Sumardja and Kartawinata 1977) .
Distribution of plants along the transects

Nanggorak:
We recorded 34 species from 21 families at this site ( Table 2) Badeto: We recorded 48 species from 23 families in this young secondary forest community ( Table 2) . The most important species in the tree layer were Psychotria cf. species C. odorata nearly disappeared from this site (IV = 0.5%). The herb-layer vegetation ( Table 2) During our field observations, deer and banteng rarely visited this site because most had moved to Cikamal, which had the largest grassland area. Kangiras (2009) reported that Badeto (0.99 ton yr -1 ha -1 ) had the lowest availability of palatable plants then followed by Nanggorak (5.65 ton yr -1 ha -1 ) and Cikamal (10.96 ton yr -1 ha -1 ). cinerea (IV = 28.6% in the tree layer and 14.3% in the herb layer), Mischocarpus sundaicus (IV = 22.5% in the tree layer and 28.1% in the herb layer), Psychotria cf. robusta (IV = 20.6% in the tree layer and 24.1% in the herb layer),
and Elaeocarpus floribundus (IV = 7.2% in the tree layer, not present in the herb layer) as the dominant woody species ( Table 2) . Their seedlings were important in both the tree layer and the herb layer, except for E. floribundus.
Vegetation composition along the successional gradient Figure 4 shows the first and second DCA scores (DCA1 and DCA2) for the species with the highest IV at the four 
DISCUSSION
Successional conditions
The Chromolaena odorata and B. balsamifera invaded this open grassland. They are characterized as species that invade abandoned Imperata grasslands during the early stages of succession (Hashimoto et al. 2007 , Yassir et al. 2010 . When a site has been abandoned after shifting cultivation, C. odorata became established after 1 year and replaced weeds during the early stages of succession (Ohtsuka 1999) . This species seems to be a common woody pioneer species with a strong ability to occupy abandoned areas. It is well adapted to open sites and its ability to establish itself via wind-dispersed seeds helps it to invade sites during the early stages of secondar y succession (Epp 1987 , Ramakrishnan 1994 . The species can also produce allelopathic substances that help it outcompete other species (Simbolon et al. 1986 , Kunwar 2003 . This ability might have contributed to its successful early establishment. However, the population of C. odorata decreased along the successional gradient due to its poor germination under shade (Kushwaha et al. 1981 , Epp 1987 due to invasion by later colonizers such as M. malabathricum .
Melastoma malabathricum began to replace C. odorata during the next stage of succession, which can be seen by its greatly increased IV at Nanggorak. This confirms previous results in Imperata grassland, where C. odorata occupied the site for about 2 years during early succession, and M. malabathricum began to increase after 3 years of abandonment (Corlet 1991 , Yassir et al. 2010 . M. malabathricum also produces allelopathic chemicals (Faravani et al. 2008) . Terpenoids, flavonoids, and phenolic compounds from M. malabathricum can reduce the germination rate and the root and shoot elongation of barnyard grass (Echinochloa crus-galli) and radish (Raphanus sativus) bin Bakar 2007, Faravani et al. 2008) . (Fig. 3) . As a pioneer species, M. malabathricum can grow well in harsh environments with high light intensity and low soil pH bin Bakar 2007, Osaki et al. 2003) . The ability of pioneer species to alter their environmental conditions and the availability of resources, including soil nutrients, in their habitat might facilitate subsequent invasion by forest species (Begon et al. 1986 , Aide et al. 2000 .The existence of teak at Nanggorak may decrease species richness because this species seems to impede the growth of other plants. Only a few species were found below its canopy, including seedlings of G. pubescens and C. formosum. Healey and Gara (2003) reported that teak plantations had lower woody species diversity because the teak suppressed the regeneration of some native tree species.
Thus, M. malabathricum and teak seems likely to play different roles in the re-establishment of species richness at Nanggorak, promoting in the former and suppressing in the latter. (Tagawa et al. 1985) . The re-establishment of forest species at Batu Meja indicated that many tree species sur vived during the period of disturbance by grazing before the area was designated a nature reserve.
Because the seeds of Myrtaceae, the dominant family in forest of Pangandaran, are dispersed by animals (Lughadha and Proença 1996) , the rich fauna of Pangandaran including bats and birds is likely to support dispersal of these species into sites recovering from disturbance.
Va lue of the grassland as a feeding site for ungulates
The area of the four open grasslands at PNR decreased from 49 ha in 1921 to 41 ha around 1977 to 4 ha in 2010.
Because ungulates prefer grasses, this change directly af fected the capacity of the former grazing sites to suppor t ungulates. The quality of the remaining grasslands has also changed. Of the grasses, the most dominant species in 1977 was I. cylindrica (Sumardja and Kartawinata 1977) . By 2010, the most dominant grass was I. rugosum, and I. cylindrica was only the third mostdominant species. Imperata cylindrica usually has straight leaves that reach a height of 50 to 100 cm, whereas I. rugosum is a shorter grass that attains a height of about 10 cm. It might be caused by the feeding and trampling of ungulates. Small shr ubs such as C. odorata, B. balsamifera, and M. malabathricum increased in abundance at Cikamal and Nanggorak, where disturbance was still occurring. Unfortunately, these species are less palatable for ungulates (Simbolon et al. 1986 ). During our r e s e a r c h , w e o b s e r v e d t h a t f e w l e a v e s o f M . malabathricum were eaten by ungulates. Kangiras (2009) studied the food of deer in PNR and reported that M. malabathricum was consumed less by deer, whose main food sources were Fimbristylis annua, I. cylindrica, E. indica, Chrysopogon aciculatus, and D. triflorum. It is possible that the lower preference for M. malabathricum and other species by ungulates might promote their invasion of the abandoned grazing sites.
The capacity of the sites that have been abandoned longer or that have sustained less significant disturbance to support ungulates therefore decreased both in terms of the area available for grazing and in the quality of the vegetation. This may explain why some deer have left PNR and entered the public-use zone, where they consume many resources, including wastes such as food left behind by tourists, paper and plastic (Kangiras 2009 ).
This also suggests that habitat management, including providing grazing sites of suitable size, will be required to let these animals return to their original habitat.
In conclusion, the succession at grassland sites affected by grazing pressure and management effort by human in PNR had different characteristics from those initiated by shifting cultivation, forest fire etc. Due to the effect of trampling and grazing, short grass I. rugosum dominated grassland to replace tall grass I. cylindrica.
Pioneer species with less palatable leaves to deer and banteng such as M. malabathricum seemed to invade grassland widely in early succession. We did not detect the effect of grazing in secondary forests at Badeto and Batu Meja. It might be less grazing activity than Cikamal and Nanggorak. Decreasing grazing area because of less management and invasion of teak had negative effect on foraging behavior of deer. The control of woody species to keep grassland is essential to support their population.
